FTIR spectroscopy of the K photointermediate of Neurospora rhodopsin: structural changes of the retinal, protein, and water molecules after photoisomerization.
Neurospora rhodopsin (NR, also known as NOP-1) is the first rhodopsin of the haloarchaeal type found in eucaryotes. NR demonstrates a very high degree of conservation of the amino acids that constitute the proton-conducting pathway in bacteriorhodopsin (BR), a light-driven proton pump of archaea. Nevertheless, NR does not appear to pump protons, suggesting the absence of the reprotonation switch that is necessary for the active transport. The photocycle of NR is much slower than that of BR, similar to the case of pharaonis phoborhodopsin (ppR), an archaeal photosensory protein. The functional and photochemical differences between NR and BR should be explained in the structural context. In this paper, we studied the structural changes of NR following retinal photoisomerization by means of low-temperature Fourier transform infrared (FTIR) spectroscopy and compared the obtained spectra with those for BR. For the spectroscopic analysis, we established the light-adaptation procedure for NR reconstituted into 1,2-dimyristoyl-sn-glycero- 3-phosphocholine/1,2-dimyristoyl-sn-glycero-3-phosphate (DMPC/DMPA) liposomes, which takes approximately 2 orders of magnitudes longer than in BR. The structure of the retinal chromophore and the hydrogen-bonding strength of the Schiff base in NR are similar to those in BR. Unique spectral features are observed for the S-H stretching vibrations of cysteine and amide-I vibrations for NR before and after retinal isomerization. In NR, there are no spectral changes assignable to the amide bands of alpha helices. The most prominent difference between NR and BR was seen for the water O-D stretching vibrations (measured in D(2)O). Unlike for haloarchaeal rhodopsins such as BR and ppR, no O-D stretches of water under strong hydrogen-bonded conditions (<2400 cm(-1)) were observed in the NR(K) minus NR difference spectra. This suggests a unique hydrogen-bonded network of the Schiff base region, which may be responsible for the lack of the reprotonation switch in NR.